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1
LOW COST PROGRAMMABLE
MULTI-STATE DEVICE

TECHNICAL FIELD

The present disclosure generally relates to one time pro-
grammable (OTP) and multiple time programmable (MTP)
structures. More specifically, the present disclosure relates to
forming OTP and multiple time programmable (MTP) struc-
tures with logic back end of line (BEOL) process flow.

BACKGROUND

Unlike conventional random access memory (RAM) chip
technologies, in magnetic RAM (MRAM) data is not stored
as electric charge, but is instead stored by magnetic polariza-
tion of storage elements. The storage elements are formed
from two ferromagnetic layers separated by a tunneling layer.
One of the two ferromagnetic layers, which is referred to as
the fixed layer or pinned layer, has a magnetization that is
fixed in a particular direction. The other ferromagnetic mag-
netic layer, which is referred to as the free layer, has a mag-
netization direction that can be altered to represent either a
“1” when the free layer magnetization is anti-parallel to the
fixed layer magnetization or “0” when the free layer magne-
tization is parallel to the fixed layer magnetization or vice
versa. One such structure having a fixed layer, a tunneling
layer, and a free layer is a magnetic tunnel junction (MTJ). An
MT]J normally also includes top and bottom electrode and
may be formed with or without an antiferromagnetic layer to
pin the fixed layer. The electrical resistance of an MTJ
depends on whether the free layer magnetization and fixed
layer magnetization are parallel or anti-parallel with each
other. A memory structure such as Spin-Transfer Torque
(STT) MRAM is built from an array of individually addres-
sable MTJs.

To write datain STT MRAM, a write current with a specific
direction of write “1” or ““0”, which exceeds a critical switch-
ing current, is applied through an MTJ. The write current
exceeding the critical switching current is sufficient to change
the magnetization direction of the free layer. When the write
current flows in a first direction, the MTJ can be placed into or
remain in a first state, in which its free layer magnetization
direction and fixed layer magnetization direction are aligned
in a parallel orientation. When the write current flows in a
second direction, opposite to the first direction, the MTJ can
be placed into or remain in a second state, in which its free
layer magnetization and fixed layer magnetization are in an
anti-parallel orientation.

To read data in a conventional MRAM, a read current may
flow through the MTJ via the same current path used to write
data in the MTJ. If the magnetizations of the MTJ’s free layer
and fixed layer are oriented parallel to each other, the MTJ
presents a resistance that is different than the resistance the
MT]J would present if the magnetizations of the free layer and
the fixed layer were in an anti-parallel orientation. In STT
MRAM, two distinct states are defined by two different resis-
tances of an MTJ in a bitcell of the MRAM. The two different
resistances represent a logic “0” and a logic “1” value stored
by the MTI.

SUMMARY

An aspect of the present disclosure include a back end of
line (BEOL) structure, including a first conductive element of
a first conductive layer, a first via coupled to the first conduc-
tive element; and a programmable structure coupled to the
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2

first via. The programmable structure includes a dielectric
barrier and a bottom electrode.

Another aspect of the present disclosure includes a method
of programming a one time programmable (OTP) or multiple
time programmable (MTP) back end of line (BEOL) struc-
ture. The method includes applying a predetermined voltage
to a dielectric barrier layer of the BEOL structure. The pre-
determined voltage is sufficient to break down the dielectric
barrier layer.

Another aspect of the present disclosure includes an appa-
ratus for programming a one time programmable (OTP) or
multiple time programmable (MTP) back end of line (BEOL)
structure. The apparatus includes means for applying a pre-
determined voltage to a dielectric barrier layer of the BEOL
structure. The predetermined voltage is sufficient to break
down the dielectric barrier layer. The apparatus also includes
means for applying the predetermined voltage to a magnetic
tunnel junction (MTJ) structure including the dielectric bar-
rier layer or to a metal-insulator-metal (MIM) capacitor struc-
ture including the dielectric barrier layer.

Another aspect of the present disclosure includes a method
of programming a one time programmable (OTP) or multiple
time programmable (MTP) back end ofline (BEOL) structure
including a step of applying a predetermined voltage to a
dielectric barrier layer of the BEOL structure. The predeter-
mined voltage is sufficient to break down the dielectric barrier
layer.

This has outlined, rather broadly, the features and technical
advantages of the present disclosure in order that the detailed
description that follows may be better understood. Additional
features and advantages of the disclosure will be described
below. It should be appreciated by those skilled in the art that
this disclosure may be readily utilized as a basis for modify-
ing or designing other structures for carrying out the same
purposes of the present disclosure. It should also be realized
by those skilled in the art that such equivalent constructions
do not depart from the teachings of the disclosure as set forth
in the appended claims. The novel features, which are
believed to be characteristic of the disclosure, both as to its
organization and method of operation, together with further
objects and advantages, will be better understood from the
following description when considered, in connection with
the accompanying figures. It is to be expressly understood,
however, that each of the figures is provided for the purpose of
illustration and description only and is not intended as a
definition of the limits of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure, reference is now made to the following description taken
in conjunction with the accompanying drawings.

FIGS. 1A-1C are cross-sectional diagrams of a one time
programmable (OTP) structure according to aspects of the
present disclosure.

FIGS. 2A-2C are cross-sectional diagrams of a one time/
multiple time programmable (OTP/MTP) structure according
to aspects of the present disclosure.

FIGS. 3A-3C are cross sectional diagrams of a one time/
multiple time programmable (OTP/MTP) structure according
to aspects of the present disclosure.

FIGS. 4A-4C are cross-sectional diagrams of a one time
programmable (OTP) structure according to aspects of the
present disclosure.

FIGS. 5A-5B are top view layout diagrams of one time
programmable (OTP) structures according to aspects of the
present disclosure.
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FIGS. 5C-5D are top view layout diagrams of one time/
multiple time programmable (OTP/MTP) structures accord-
ing to aspects of the present disclosure.

FIG. 6 is process flow diagram illustrating a method of
programming a one time/multiple time programmable (OTP/
MTP) structure according to aspects of the present disclosure.

FIG. 7 is a block diagram showing an exemplary wireless
communication system in which an aspect of the disclosure
may be advantageously employed.

FIG. 8 is a block diagram illustrating a design workstation
used for circuit, layout, and logic design of a one time/mul-
tiple time programmable (OTP/MTP) structure according to
one aspect of the present disclosure.

DETAILED DESCRIPTION

Aspects of the present disclosure include a low cost one
time programmable (OPT) structure. Depending on structure
and process, one to three masks can be used to construct a low
cost OPT structure in a back end of line (BEOL) process.
According to one aspect of the present disclosure, the low cost
OTP structure has two states, a pre-programmed high resis-
tance state, and a programmable low resistance state. In the
pre-programmed high resistance state the OTP structure
exhibits resistance in the kilo-ohm order of magnitude. In the
programmable low resistance state a barrier layer is broken
down during an anti-fuse programming so that the OTP struc-
ture exhibits resistance in the hundred ohm order of magni-
tude.

Another aspect of the disclosure includes a low cost OTP/
(multiple time programmable) MTP structure. Depending on
structure and process, two to three masks can be used to
construct the low cost OTP/MTP structure in a BEOL pro-
cess. According to one aspect of the present disclosure, the
low cost OTP/MTP structure has three states, a pre-pro-
grammed high resistance state, a programmable low resis-
tance state, and a programmable very high resistance state. In
the pre-programmable high resistance state the OTP structure
exhibits resistance in the kilo-ohm order of magnitude. In the
programmable low resistance state a barrier layer is broken
down during an anti-fuse programming so that the OTP struc-
ture exhibits resistance in the hundred ohm order of magni-
tude. In the very high resistance state a conductive fuse is
blown open during programming so that the OTP structure
exhibits resistance in the mega-ohm order of magnitude.

According to aspects of the present disclosure the OTP
programming voltage is tunable by adjusting a dielectric bar-
rier thickness. The dielectric barrier can be a magnetic tunnel
junction (MTJ) structure or MTJ metal oxide barrier or other
dielectric film barrier. The OTP programming voltage can be
from ~0.5V to 10V depending on barrier thickness.

According to aspects of the present disclosure, top and
bottom electrodes can be a common barrier metal or other
conductor material that is common to semiconductor process-
ing. Although the figures describe “metal,” it should be appre-
ciated that any conductive material could substitute for the
metal. The various aspects of the disclosure are compatible
with a logic back end of line (BEOL) process flow and may be
manufactured with BEOL processes at low cost.

A back end ofline (BEOL) structure 100, according to one
aspect of the present disclosure, is described with reference to
FIG. 1A. The BEOL structure 100 includes a first conductive
element 102 of a first conductive layer formed in a first
inter-metal dielectric (IMD) layer 111, and a first via 104
coupled to the first conductive element 102. A one time pro-
grammable (OTP) structure 106 is coupled to the first via 104.
According to one aspect of the present disclosure, the OTP
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structure 106 includes a top electrode 108 coupled to the first
via 104 and a bottom electrode 110 coupled to a second
conductive layer 112. A dielectric barrier 114 is coupled
between the top electrode 108 and the bottom electrode 110.
According to this aspect of the disclosure, the dielectric bar-
rier 114 of the BEOL structure 100 is a magnetic tunnel
junction (MTJ) 116. The MTJ 116 includes a MTJ cap 118
coupled to the top electrode 108 and an anti-ferromagnetic
layer 120 coupled to the bottom electrode 110. A free layer
122 of the MTJ is coupled to the MTJ cap 118, and a fixed
layer 124 of the MTJ is coupled to the AFM layer 120. A
dielectric film layer 126 of the MTIJ is coupled between the
free layer 122 and the fixed layer 124.

Alternatively, according to this aspect of the disclosure, the
MTJ 116 can have a reversed film stack (not shown) in which
the anti-ferromagnetic film 120 is on top of the film stack to
couple with the top electrode 108. In this alternative configu-
ration, the fixed layer 124 couples to the anti-ferromagnetic
film 120 and to the barrier 126. The barrier 126 couples to free
layer 122, and the free layer 122 couples to MTJ cap 118. The
MT]J cap 118 couples to bottom electrode 110.

In another alternative configuration, the MTJ 116 can be a
perpendicular MTJ in which the MTJ film stack (not shown)
can be a fixed layer 124 coupled to the bottom electrode 110,
a free layer 122 coupled to the MTJ cap 118, and the tunnel
barrier layer 126 coupled between the free layer 122 and the
fixed layer 124.

According to the aspect of the disclosure shown in FIG.
1A, the OTP structure 106 is fabricated using a single mask in
a BEOL process. The OTP structure 106 has high resistance
in a pre-programmed state and low resistance in a pro-
grammed state after the dielectric barrier 114 is broken down
during programming. The program voltage depends on the
thickness of the tunnel barrier layer 126.

Another back end of line (BEOL) structure 130, according
to one aspect of the present disclosure, is described with
reference to FIG. 1B. The BEOL structure 130 includes a first
conductive element 132 of a first conductive layer formed in
a first inter-metal dielectric (IMD) layer 141, and a first via
134 coupled to the first conductive element 132. A one time
programmable (OTP) structure 136 is coupled to the first via
134. According to one aspect of the present disclosure, the
OTP structure 136 includes MTJ cap 148 coupled to the first
via 134 and a bottom electrode 140 coupled to a second
conductive layer 142. A dielectric barrier 144 is coupled
between first via 134 and the bottom electrode 140. An MTJ
146 includes the MTJ cap 148 and an anti-ferromagnetic
layer 150 coupled to the bottom electrode 140. A free layer
152 ofan MTJ is coupled to the MTJ cap 148, and a fixed layer
154 of the MTJ is coupled to the AFM layer 150. A dielectric
film layer 156 of the MTJ is coupled between the free layer
152 and the fixed layer 154. The dielectric barrier 144 of the
BEOL structure 130 includes the free layer 152, the dielectric
barrier layer 156, the fixed layer 154 and the AFM layer 150
of the MTJ 146.

Alternatively, according to this aspect of the disclosure, the
MT1J 146 can have a reversed film stack (not shown) in which
the anti-ferromagnetic film 150 is on top of the film stack to
couple with the via 134. In this alternative configuration, the
fixed layer 154 couples to the anti-ferromagnetic film 150 and
the barrier 156. The barrier 156 couples to the free layer 152,
the free layer 152 couples to the MTJ cap 148, and the MTJ
cap 148 couples to the bottom electrode 140.

In another alternative configuration, the MTJ 146 can be a
perpendicular MTJ in which the MTJ film stack (not shown)
can be a fixed layer 154 coupled to the bottom electrode 140,
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a free layer 152 coupled to the MTJ cap 148, and a tunnel
barrier layer 156 coupled between the free layer 152 and the
fixed layer 154.

According to the aspect of the disclosure shown in FIG. 1B,
the OTP structure 136 is fabricated using a single mask in a
BEOL process. The OTP structure 136 has resistance in a
pre-programmed state and low resistance in a programmed
state after the dielectric barrier 144 is broken down during
programming. The program voltage depends on the thickness
of the dielectric barrier layer 156.

A back end of line (BEOL) structure 160 according to
another aspect of the present disclosure is described with
reference to FIG. 1C. The BEOL structure 160 includes a first
conductive element 162 of a first conductive layer formed in
a first inter-metal dielectric (IMD) layer 171, and a first via
164 coupled to the first conductive element 162. A one time
programmable (OTP) structure 166 is coupled to the first via
164. According to one aspect of the present disclosure, the
OTP structure 166 includes a top electrode 168 coupled the
first via 164 and a bottom electrode 170 coupled to a second
conductive layer 172. A dielectric barrier 174 is coupled
between the top electrode 168 and the bottom electrode 170.
According to this aspect of the disclosure, the dielectric bar-
rier 174 of the BEOL structure 160 is a dielectric film layer.
The dielectric barrier layer 174 can be an MTJ metal oxide
barrier or other dielectric barrier, for example.

According to the aspect of the disclosure shown in FIG. 1C,
the OTP structure 166 is fabricated using a single mask in a
BEOL process. The OTP structure 166 has high resistance in
a pre-programmed state and low resistance in a programmed
state after the dielectric barrier 174 is broken down during
programming. The program voltage depends on the thickness
of'the dielectric barrier layer 174. According to this aspect of
the present disclosure, the OTP structure 166 can be a metal-
insulator-metal (MIM) capacitor structure, for example.

A back end of line (BEOL) structure 200 according to
another aspect of the present disclosure is described with
reference to FIG. 2A. The BEOL structure 200 includes a first
conductive element 202 of a first conductive layer formed in
a first inter-metal dielectric (IMD) layer 211, a first via 204
coupled to the first conductive element 202, a second conduc-
tive element 203 of the first conductive layer, and a second via
205 coupled to the second conductive element 203. A first
metal diffusion cap layer 201 is formed on the first conductive
element 202, the second conductive element 203 and the first
IMD layer 211. A one time programmable (OTP) structure
206 is coupled to the first via 204 and the second via 205.
According to one aspect of the present disclosure, the OTP
structure 206 includes a top electrode 208 coupled the first via
204 and a bottom electrode 210 formed on a second metal
diffusion cap layer 207. The bottom electrode 210 is coupled
to the second via 205. The second metal diffusion cap layer
207 is formed on a second inter-metal dielectric (IMD) layer
212. A dielectric barrier 214 is coupled between the top
electrode 208 and the bottom electrode 210.

According to the aspect of the disclosure shown in FIG.
2A, the dielectric barrier 214 of the BEOL structure 200 is a
magnetic tunnel junction (MTJ) 216. The MTJ 216 includes
an MTJ cap 218 coupled to the top electrode 208 and an
anti-ferromagnetic layer 220 coupled to the bottom electrode
210. A free layer 222 of the MT1J is coupled to the MTJ cap
218, and a fixed layer 224 of the MTJ is coupled to the AFM
layer 220. A dielectric barrier layer 226 of the MTJ is coupled
between the free layer 222 and the fixed layer 224.

Alternatively, according to this aspect of the disclosure the
MT]J 216 can have a reversed film stack (not shown) in which
the anti-ferromagnetic film 220 is on top of the film stack to
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couple with top electrode 208. In this alternative configura-
tion, the fixed layer 224 couples to the anti-ferromagnetic film
220 and the barrier 226. The barrier 226 couples to the free
layer 222, the free layer 222 couples to the MTJ cap 218, and
the MT1J cap 218 couples to the bottom electrode 210.

In another alternative configuration, the MTJ 216 can be a
perpendicular MTJ. The MTI film stack (not shown) can be a
fixed layer 224 coupled to the bottom electrode 210, a free
layer 222 coupled to the MTJ cap 218, and a tunnel barrier
layer 226 is coupled between the free layer 222 and the fixed
layer 224.

According to the aspect of the disclosure shown in FIG.
2A, the OTP structure 206 is fabricated using two masks ina
BEOL process, in which a first mask is used to form the top
electrode 208 and dielectric barrier 214 and a second mask is
used to form the bottom electrode 210. The OTP structure 206
has high resistance in a pre-programmed state and low resis-
tance in a programmed state after the dielectric barrier 214 is
broken down during programming. The program voltage
depends on the thickness of the dielectric barrier layer 226.

A back end of line (BEOL) structure 230 according to
another aspect of the present disclosure is described with
reference to FIG. 2B. The BEOL structure 230 includes a first
conductive element 232 of a first conductive layer formed in
a first inter-metal dielectric (IMD) layer 241, a first via 234
coupled to the first conductive element 232, a second conduc-
tive element 233 of the first conductive layer, and a second via
235 coupled to the second conductive element 233. A first
metal diffusion cap layer 231 is formed on the first conductive
element 232, the second conductive element 233 and the first
IMD layer 241. A one time programmable (OTP) structure
236 is coupled to the first via 234 and the second via 235.

According to one aspect of the present disclosure, the OTP
structure 236 includes an MTJ cap 238 coupled to the first via
234 and a bottom electrode 210 formed on a second metal
diffusion cap layer 237. The bottom electrode 210 is coupled
to the second via 235. The second metal diffusion cap layer
237 is formed on a second inter-metal dielectric (IMD) layer
242. A dielectric barrier 244 is coupled between the first via
234 and the bottom electrode 210. An MTJ 246 includes an
anti-ferromagnetic layer 250 coupled to the bottom electrode
210. A free layer 252 of the MTJ 246 is coupled to the MTJ
cap 238, and a fixed layer 254 of the MTJ 246 is coupled to the
AFM layer 250. A dielectric barrier layer 256 of the MTJ 246
is coupled between the free layer 252 and the fixed layer 254.
The dielectric barrier 244 of the BEOL structure 230 includes
the free layer 252, the dielectric barrier layer 256, the fixed
layer 254 and the AFM layer 250 of the MTJ 246.

Alternatively, according to this aspect of the disclosure the
MT]J 246 can have reversed film stack (not shown), in which
the anti-ferromagnetic film 250 is on top of the film stack to
couple with via 234. In this alternative configuration, the
fixed layer 254 couples to the anti-ferromagnetic film 250 and
the barrier 256. The barrier 256 couples to the free layer 252,
the free layer 252 couples to the MTJ cap 238, and the MTJ
cap 238 couples to the bottom electrode 210.

In another alternative configuration, the MTJ 216 can be a
perpendicular MTJ in which the MTJ film stack (not shown)
can be a fixed layer 254 coupled to the bottom electrode 210,
a free layer 252 coupled to the MTJ cap 238, and a tunnel
barrier layer 256 coupled between the free layer 252 and the
fixed layer 254.

According to this aspect of the present disclosure, the OTP
structure 236 is fabricated using two masks in a BEOL pro-
cess, in which a first mask is used to form the MTJ cap 238
and dielectric barrier 244 and a second mask is used to form
the bottom electrode 210. The OTP structure 236 has high
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resistance in a pre-programmed state and low resistance in a
programmed state after the dielectric barrier 244 is broken
down during programming. The program voltage depends on
the thickness of the dielectric film barrier layer 256.

A back end of line (BEOL) structure 260 according to still
another aspect of the present disclosure is described with
reference to FIG. 2C. The BEOL structure 260 includes a first
conductive element 262 of a first conductive layer formed in
a first inter-metal dielectric (IMD) layer 271, a first via 264
coupled to the first conductive element 262, a second conduc-
tive element 263 of the first conductive layer, and a second via
265 coupled to the second conductive element 263. A first
metal diffusion cap layer 261 is formed on the first conductive
element 262, the second conductive element 263 and the first
IMD layer 271. A one time programmable (OTP) structure
266 is coupled to the first via 264 and the second via 265.
According to one aspect of the present disclosure, the OTP
structure 266 includes a top electrode 268 coupled the first via
264 and a bottom electrode 270 formed on a second metal
diffusion cap layer 267. The bottom electrode 270 is coupled
to the second via 265. The second metal diffusion cap layer
267 is formed on a second inter-metal dielectric (IMD) layer
272. A dielectric barrier 274 is coupled between the top
electrode 268 and the bottom electrode 270. According to this
aspect of the disclosure, the dielectric barrier 274 of the
BEOL structure 260 is a metal oxide layer. The dielectric
barrier layer 274 can be an MTJ metal oxide barrier or other
dielectric film barrier, for example.

According to this aspect of the present disclosure, the OTP
structure 266 is fabricated using two masks in a BEOL pro-
cess, in which a first mask is used to form the top electrode
268 and dielectric barrier 274 and a second mask is used to
form the bottom electrode 270. The OTP structure 266 has
high resistance in a pre-programmed state and low resistance
in a programmed state after the dielectric barrier 244 is bro-
ken down during programming. The program voltage
depends on the thickness of the dielectric barrier layer or
dielectric film layer 274. According to this aspect of the
present disclosure, the OTP structure 266 can be a metal-
insulator-metal (MIM) capacitor structure, for example.

A back end of line (BEOL) structure 300, according to
another aspect of the present disclosure, is described with
reference to FIG. 3A. The BEOL structure 300 includes a first
conductive element 302 of a first conductive layer formed in
a first inter-metal dielectric (IMD) layer 311 and a first via
304 coupled to the first conductive element 302. A first metal
diffusion cap layer 301 is formed on the first conductive
element 302 and the first IMD layer 311. A one time program-
mable (OTP) structure 306 is coupled to the first via 304.
According to one aspect of the present disclosure, the OTP
structure 306 includes a top electrode 308 coupled to the first
via 304 and a bottom electrode 310 formed on a second metal
diffusion cap layer 307. The second metal diffusion cap layer
307 is formed on a second IMD layer 312 and a second
conductive element 313 of a second conductive layer. A bot-
tom contact 315 extends through the second metal diffusion
cap layer 307 and is coupled between the bottom electrode
310 and the second conductive element 313.

A dielectric barrier 314 is coupled between the top elec-
trode 308 and the bottom electrode 310. According to the
aspect of the disclosure shown in FIG. 3A, the dielectric
barrier 314 of the BEOL structure 300 is a magnetic tunnel
junction (MTJ) 316. The MTJ 316 includes an MTJ cap 318
coupled to the top electrode 308 and an anti-ferromagnetic
layer 320 coupled to the bottom electrode 310. A free layer
322 ofthe MTJ 316 is coupled to the MTJ cap 318, and a fixed
layer 324 of the MTJ 316 is coupled to the AFM layer 320. A
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8
dielectric barrier layer 326 of the MTJ 316 is coupled between
the free layer 322 and the fixed layer 324.

Alternatively, according to this aspect of the disclosure the
MT]J 316 can have reversed film stack (not shown) in which
the anti-ferromagnetic film 320 is on top of the film stack to
couple with the top electrode 308. In this alternative configu-
ration, the fixed layer 324 couples to the anti-ferromagnetic
film 320 and the barrier 326. The barrier 326 couples to the
free layer 322, the free layer 322 couples to the MTJ cap 318,
and the MTJ cap 318 couples to bottom electrode 310.

In another alternative configuration, the MTJ 316 can be a
perpendicular MTJ in which the MTJ film stack (not shown)
can be a fixed layer 324 coupled to a bottom electrode 310, a
free layer 322 coupled to an MTJ cap 318, and a tunnel barrier
layer 326 coupled between the free layer 322 and fixed layer
324.

According to the aspect of the disclosure shown in FIG.
3 A, the OTP structure 306 is fabricated using three masks in
a BEOL process, in which a first mask forms the top electrode
308 and dielectric barrier 314, a second mask forms the
bottom electrode 310, and a third mask forms the bottom
contact 315. The OTP structure 306 has high resistance in a
pre-programmed state and low resistance in a programmed
state after the dielectric barrier 314 is broken down during
programming. The program voltage depends on the thickness
of the metal oxide barrier layer or dielectric film layer 326.

A back end of line (BEOL) structure 330 according to
another aspect of the present disclosure is described with
reference to FIG. 3B. The BEOL structure 330 includes a first
conductive element 332 of a first conductive layer formed in
a first inter-metal dielectric (IMD) layer 341, a first via 334
coupled to the first conductive element 332. A first metal
diffusion cap layer 331 is formed on the first conductive
element 332 and the first IMD layer 341. A one time program-
mable (OTP) structure 336 is coupled to the first via 334.
According to one aspect of the present disclosure, the OTP
structure 336 includes an MTJ cap 348 coupled to the first via
334 and a bottom electrode 340 formed on a second metal
diffusion cap layer 337. The second metal diffusion cap layer
337 is formed on a second IMD layer 342 and a second
conductive element 343 of a second conductive layer. A bot-
tom contact 345 extends through the second metal diffusion
cap layer 337 and is coupled between the bottom electrode
340 and the second conductive element 343.

A dielectric barrier 344 is coupled between the first via 334
and the bottom electrode 340. An MTJ 346 includes the MTJ
cap 348 and an anti-ferromagnetic layer 350 coupled to the
bottom electrode 340. A free layer 352 of an MTJ is coupled
to the MTJ cap 348, and a fixed layer 354 of the MTIJ is
coupled to the AFM layer 350. A dielectric barrier layer 356
of'the MT1J is coupled between the free layer 352 and the fixed
layer 354. The dielectric barrier 344 of the BEOL structure
330 includes the free layer 352, the dielectric barrier layer
356, the fixed layer 354 and the AFM layer 350 of the MTJ
346.

Alternatively, according to this aspect of the disclosure the
MT]J 346 can have reversed film stack (not shown) in which
the anti-ferromagnetic film 350 is on top of the film stack to
couple with the via 334. In this alternative configuration, the
fixed layer 354 couples to the anti-ferromagnetic film 350 and
the barrier 356, the barrier 356 couples to the free layer 352,
and the free layer 352 couples to the MTJ cap 348. The MTJ
cap 348 couples to bottom electrode 340.

In another alternative configuration, the MTJ 346 can be a
perpendicular MTJ in which the MTJ film stack (not shown)
can be a fixed layer 354 coupled to the bottom electrode 340,
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a free layer 352 coupled to the MTJ cap 348, and a tunnel
barrier layer 356 coupled between the free layer 352 and the
fixed layer 354.

According to this aspect of the present disclosure, the OTP
structure 336 is fabricated using three masks in a BEOL
process, in which a first mask is used to form the top electrode
368 and dielectric barrier 344, a second mask is used to form
the bottom electrode 340, and a third mask is used to form the
bottom contact 345. The OTP structure 336 has high resis-
tance in a pre-programmed state and low resistance in a
programmed state after the dielectric barrier 344 is broken
down during programming. The program voltage depends on
the thickness of the metal oxide barrier layer or dielectric film
layer 356.

A back end of line (BEOL) structure 360 according to still
another aspect of the present disclosure is described with
reference to FIG. 3C. The BEOL structure 360 includes a first
conductive element 362 of a first conductive layer formed in
a first inter-metal dielectric (IMD) layer 371, and a first via
364 coupled to the first conductive element 362. A first metal
diffusion cap layer 361 is formed on the first conductive
element 362 and the first IMD layer 371. A one time program-
mable (OTP) structure 366 is coupled to the first via 364.
According to one aspect of the present disclosure, the OTP
structure 366 includes atop electrode 368 coupled to the first
via 364 and a bottom electrode 370 formed on a second metal
diffusion cap layer 367. The second metal diffusion cap layer
367 is formed on a second IMD layer 372 and a second
conductive element 373 of a second conductive layer. A bot-
tom contact 375 extends through the second metal diffusion
cap layer 367 and is coupled between the bottom electrode
370 and the second conductive element 373.

The dielectric barrier layer 374 can be a MTJ metal oxide
barrier or other dielectric film barrier, for example. According
to this aspect of the present disclosure, the OTP structure 366
is fabricated using three masks in a BEOL process, in which
afirst mask is used to form the top electrode 368 and dielectric
barrier 374, a second mask is used to form the bottom elec-
trode 370, and a third mask is used to form the bottom contact
375. The OTP structure 366 has resistance in a high pre-
programmed state and low resistance in a programmed state
after the dielectric barrier 344 is broken down during pro-
gramming. The program voltage depends on the thickness of
the metal oxide barrier layer or dielectric film layer 374.
According to this aspect of the present disclosure, the OTP
structure 366 can be a metal-insulator-metal (MIM) capacitor
structure, for example.

A back end of line (BEOL) structure 400 according to
another aspect of the present disclosure is described with
reference to FIG. 4A. The BEOL structure 400 includes a first
conductive element 402 of a first conductive layer formed in
a first inter-metal dielectric (IMD) layer 411 and a first via
404 coupled to the first conductive element 402. A first metal
diffusion cap layer 401 is formed on the first conductive
element 402 and the first IMD layer 411. A one time program-
mable (OTP) structure 406 is coupled to the first via 404.
According to one aspect of the present disclosure, the OTP
structure 406 includes a top electrode 408 coupled the first via
404 and a bottom electrode 410 formed on a second metal
diffusion cap layer 407. The second metal diffusion cap layer
407 is formed on a second IMD layer 412 and a second
conductive element 413 of a second conductive layer. A bot-
tom contact 415 extends through the second metal diffusion
cap layer 407 and is coupled between the bottom electrode
410 and the second conductive element 413. The second
conductive element 413 and the bottom contact are formed
directly under the OTP structure 406.
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A dielectric barrier 414 is coupled between the top elec-
trode 408 and the bottom electrode 410. According to the
aspect of the disclosure shown in FIG. 4A, the dielectric
barrier 414 of the BEOL structure 400 is a magnetic tunnel
junction (MTJ) 416. The MTJ 416 includes a MTJ cap 418
coupled to the top electrode 408 and an anti-ferromagnetic
layer 420 coupled to the bottom electrode 410. A free layer
422 ofthe MTI 416 is coupled to the MTJ cap 418, and a fixed
layer 424 of the MTJ 416 is coupled to the AFM layer 420. A
dielectric film layer 426 of the MTJ 416 is coupled between
the free layer 422 and the fixed layer 424.

Alternatively, according to this aspect of the disclosure the
MT]J 416 can have a reversed film stack (not shown) in which
the anti-ferromagnetic film 420 is on top of the film stack to
couple with the top electrode 408. In this alternative configu-
ration, the fixed layer 424 couples to the anti-ferromagnetic
film 420 and the barrier 426, the barrier 426 couples to the free
layer 422, and the free layer 422 couples to the MTJ cap 418.
The MTIJ cap 418 couples to the bottom electrode 410.

In another alternative configuration, the MTJ 416 can be a
perpendicular MTJ in which the MTJ film stack (not shown)
can be a fixed layer 424 coupled to a bottom electrode 410, a
free layer 422 coupled to an MTJ cap 418, and a tunnel barrier
layer 426 coupled between the free layer 422 and the fixed
layer 424.

According to the aspect of the disclosure shown in FIG.
4A, the OTP structure 406 is fabricated using two masks ina
BEOL process, in which a first mask is used to form the OTP
structure 406 and a second mask is used to form the bottom
contact 415. The OTP structure 406 has high resistance in a
pre-programmed state and low resistance in a programmed
state after the dielectric barrier 414 is broken down during
programming. The program voltage depends on the thickness
of' the dielectric film layer 426.

A back end of line (BEOL) structure 430, according to
another aspect of the present disclosure, is described, with
reference to FIG. 4B. The BEOL structure 430 includes a first
conductive element 432 of a first conductive layer formed in
a first inter-metal dielectric (IMD) layer 441, and a first via
434 coupled to the first conductive element 432. A first metal
diffusion cap layer 431 is formed on the first conductive
element 432 and the first IMD layer 441. A one time program-
mable (OTP) structure 436 is coupled to the first via 434.
According to one aspect of the present disclosure, the OTP
structure 436 includes an MTJ cap 448 coupled to the first via
434 and a bottom electrode 440 formed on a second metal
diffusion cap layer 437. The second metal diffusion cap layer
437 is formed on a second IMD layer 442 and a second
conductive element 443 of a second conductive layer. A bot-
tom contact 445 extends through the second metal diffusion
cap layer 437 and is coupled between the bottom electrode
440 and the second conductive element 443. The second
conductive element 443 and the bottom contact are thrilled
directly under the OTP structure 436.

A dielectric barrier 444 is coupled between first via 434 and
the bottom electrode 440. An MTJ 446 includes the MTJ cap
448 and an anti-ferromagnetic layer 450 coupled to the bot-
tom electrode 440. A free layer 452 of an MTJ 446 is coupled
to the MTJ cap 448, and a fixed layer 454 of the 446 is coupled
to the AFM layer 450. A dielectric film layer 456 of the MTJ
is coupled between the free layer 452 and the fixed layer 454.
The dielectric barrier 444 of the BEOL structure 430 includes
the free layer 452, the dielectric film layer 456, the fixed layer
454 and the AFM layer 450 of the MTJ 446.

Alternatively, according to this aspect of the disclosure the
MT]J 446 can have a reversed film stack (not shown) in which
the anti-ferromagnetic film 450 is on top of the film stack to
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couple with the via 434. In this alternative configuration, the
fixed layer 454 couples to the anti-ferromagnetic film 450 and
the barrier 456. The barrier 456 couples to the free layer 452,
and the free layer 452 couples to the MTJ cap 448. The MTJ
cap 448 couples to the bottom electrode 440.

In another alternative configuration, the MTJ 446 can be a
perpendicular MTJ in which the MTJ film stack (not shown)
can be a fixed layer 454 coupled to a bottom electrode 440, a
freelayer 452 coupled to an MTJ cap 448, and a tunnel barrier
layer 456 coupled between the free layer 452 and the fixed
layer 454.

According to this aspect of the present disclosure, the OTP
structure 436 is fabricated using two masks in a BEOL pro-
cess, in which a first mask is used to form the OTP structure
436 and a second mask is used to form the bottom contact 445.
The OTP structure 436 has high resistance in a pre-pro-
grammed state and low resistance in a programmed state after
the dielectric barrier 444 is broken down during program-
ming. The program voltage depends on the thickness of the
dielectric film layer 456.

A back end of line (BEOL) structure 460 according to yet
another aspect of the present disclosure is described with
reference to FIG. 4C. The BEOL structure 460 includes a first
conductive element 462 of a first conductive layer formed in
a first inter-metal dielectric (IMD) layer 471, a first via 464
coupled to the first conductive element 462. A first metal
diffusion cap layer 461 is formed on the first conductive
element 462 and the first IMD layer 471. A one time program-
mable (OTP) structure 466 is coupled to the first via 464.
According to one aspect of the present disclosure, the OTP
structure 466 includes a top electrode 468 coupled the first via
464 and a bottom electrode 470 formed on a second metal
diffusion cap layer 467. The second metal diffusion cap layer
467 is formed on a second IMD layer 472 and a second
conductive element 473 of a second conductive layer. A bot-
tom contact 475 extends through the second metal diffusion
cap layer 467 and is coupled between the bottom electrode
470 and the second conductive element 473. The second
conductive element 473 and the bottom contact are formed
directly under the OTP structure 466.

The dielectric barrier layer 474 can be an MTJ metal oxide
barrier or other dielectric film barrier, for example. According
to this aspect of the present disclosure, the OTP structure 466
is fabricated using two masks in a BEOL process, in which a
first mask is used to form the OTP structure 466 and a second
mask is used to form the bottom contact 475. The OTP struc-
ture 466 has high resistance in a pre-programmed state and
low resistance in a programmed state after the dielectric bar-
rier 474 is broken down during programming. The program
voltage depends on the thickness of the barrier layer 474.
According to this aspect of the present disclosure, the OTP
structure 466 can be a metal-insulator-metal (MIM) capacitor
structure, for example.

Another aspect of the present disclosure includes a one
time/multiple time programmable (OTP/MTP) BEOL struc-
ture in which a fuse is constructed with a tunable program
voltage by adjusting the bottom electrode shape. The OTP/
MTP BEOL structures shown in FIGS. 2A-2C and FIGS.
3A-3C, which are described previously, can be constructed in
a one time programmable configuration or in a multiple time
programmable configuration. FIG. 5A is a top view diagram
of'a BEOL structure 500 such as one of the BEOL structures
shown in FIGS. 2A-2C and FIGS. 3A-3C in which the BEOL
structure 500 is constructed as a one time programmable
structure. The BEOL structure 500 includes a first conductive
element (Via) 502 coupled to a top electrode 508 and a second
conductive element (Via) 503 coupled to a bottom electrode
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510. The bottom electrode 510 has a extended shape so that
the first conductive element 502 is laterally displaced from
the second conductive element 503.

Although the second conductive element 503 is shown as
being on top of the bottom electrode 510 in the top view,
which corresponds to the configuration shown in FIGS.
2A-2C, for example, it should be understood that the second
conductive element 503 can alternatively be coupled to the
bottom of the bottom electrode 510, which corresponds to the
configuration shown in FIGS. 3A-3C, for example. A dielec-
tric barrier (not shown in FIG. 5A) is coupled between the top
electrode 508 and the bottom electrode 510. The top electrode
508 and/or the dielectric barrier is shown with a rectangular
shape in FIG. 5A but may alternatively may have an oval or
circular shape as shown in FIG. 5B.

FIG. 5C is a top view diagram of a BEOL structure 500
such as one of the BEOL structures shown in FIGS. 2A-2C
and FIGS. 3A-3C in which the BEOL structure 500 is con-
structed as a multiple time programmable structure. The
BEOL structure 500 includes a first conductive element (Via)
502 coupled to a top electrode 508 and a second conductive
element (Via) 503 coupled to a bottom electrode 510. The
bottom electrode 510 has a extended shape so that the first
conductive element 502 is laterally displaced from the second
conductive element 503, although the second conductive ele-
ment 503 is shown as being on top of the bottom electrode 510
in the top view, which corresponds to the configuration shown
in FIGS. 2A-2C, for example, it should be understood that the
second conductive element 503 can alternatively be coupled
to the bottom of the bottom electrode 510, which corresponds
to the configuration shown in FIGS. 3A-3C, for example.

A dielectric barrier (not shown in FIG. 5C) is coupled
between the top electrode 508 and the bottom electrode 510.
In this aspect, the bottom electrode 510 includes a narrow fuse
portion 511. The top electrode 508 and/or the dielectric bar-
rier is shown with a rectangular shape in FIG. 5C but may
alternatively have an oval or circular shape as shown in FIG.
5D. Application of a programming voltage between the first
conductive element 502 and the second conductive element
503 causes the fuse portion 511 to open-circuit resulting in the
very high resistance state of the multiple time programmable
BEOL structure 500.

The program voltage, which is a sufficient voltage to break
down the barrier layer of a one time programmable BEOL
structure or a multiple time programmable BEOL structure,
can be from about 0.5V to 10V, for example, depending on the
barrier layer thickness. The programming current, which is
sufficient to open-circuit the fuse portion of a multiple time
programmable BEOL structure can range from about 10 mA
to about 50 mA, for example, depending on the bottom elec-
trode shape and thickness. FIG. 6 is a process flow diagram
illustrating a method of programming a one time program-
mable (OTP) or multiple time programmable (MTP) back end
ofline (BEOL) structure according to an aspect of the present
disclosure. The method includes applying a predetermined
voltage to a dielectric barrier layer of the BEOL structure in
block 602. The predetermined voltage is sufficient to break
down the dielectric barrier layer. According to an aspect of the
present disclosure, the method also includes applying a pre-
determined current through the dielectric barrier layer subse-
quent to the application of the predetermined voltage. The
predetermined current is sufficient to break down a fuse por-
tion of the OTP/MTP BEOL structure.

An apparatus for programming a one time programmable
(OTP) or multiple time programmable (MTP) back end of
line (BEOL) structure according to another aspect of the
disclosure includes means for applying a predetermined volt-
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age to a dielectric barrier layer of the BEOL structure in
which the predetermined voltage is sufficient to break down
the dielectric barrier layer. According to this aspect of the
disclosure, the apparatus also includes means for applying the
predetermined voltage to a magnetic tunnel junction (MTJ)
structure including the dielectric barrier layer or to a metal-
insulator-metal (MIM) capacitor structure including the
dielectric barrier layer. The apparatus may also include means
for applying a predetermined current through the dielectric
barrier layer subsequent to applying the predetermined volt-
age. According to this aspect, the predetermined current is
sufficient to break down a fuse portion of the OTP or MTP
BEOL structure. The means for applying a predetermined
voltage to the dielectric barrier layer and the means for apply-
ing the predetermined current through the dielectric barrier
layer current may include programming circuitry coupled to
the conductive portions of the BEOL structure such as the first
conductive element 102 of a first conductive layer formed in
a first inter-metal dielectric (IMD) layer 111, the first via 104
coupled to the first conductive element 102, the top electrode
108 coupled to the first via 104 and the bottom electrode 110
coupled to a second conductive layer 112 as shown in FIG.
1A, for example.

In another configuration, the aforementioned means may
be any module or any apparatus configured to perform the
functions recited by the aforementioned means. Although
specific means have been set forth, it will be appreciated by
those skilled in the art that not all of the disclosed means are
required to practice the disclosed configurations. Moreover,
certain well known means have not been described, to main-
tain focus on the disclosure.

FIG. 7 is a block diagram showing an exemplary wireless
communication system 700 in which an aspect of the disclo-
sure may be advantageously employed. For purposes of illus-
tration, FIG. 7 shows three remote units 720, 730, and 750 and
two base stations 740. It will be recognized that wireless
communication systems may have many more remote units
and base stations. Remote units 720, 730, and 750 include IC
structures 725A, 725C and 725B that include the disclosed
OTP/MTP BEOL structure. It will be recognized that other
structures may also include the disclosed OTP/MTP BEOL
structure, such as the base stations, switching structures, and
network equipment. FIG. 7 shows forward link signals 780
from the base station 740 to the remote units 720, 730, and
750 and reverse link signals 790 from the remote units 720,
730, and 750 to base stations 740.

In FIG. 7, remote unit 720 is shown as a mobile telephone,
remote unit 730 is shown as a portable computer, and remote
unit 750 is shown as a fixed location remote unit in a wireless
local loop system. For example, the remote units may be
mobile phones, hand-held personal communication systems
(PCS) units, portable data units such as personal data assis-
tants, GPS enabled structures, navigation structures, set top
boxes, music players, video players, entertainment units,
fixed location data units such as meter reading equipment, or
other structures that store or retrieve data or computer instruc-
tions, or combinations thereof. Although FIG. 7 illustrates
remote units according to the teachings of the disclosure, the
disclosure is not limited to these exemplary illustrated units.
Aspects of the disclosure may be suitably employed in many
structures which include the disclosed OTP/MTP BEOL
structure.

FIG. 8 is a block diagram illustrating a design workstation
used for circuit, layout, and logic design of a semiconductor
component, such as the OTP/MTP BEOL structure disclosed
above. A design workstation 800 includes a hard disk 801
containing operating system software, support files, and
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design software such as Cadence or OrCAD. The design
workstation 800 also includes a display 802 to facilitate
design of a circuit 810 or a semiconductor component 812
such as the disclosed OTP/MTP BEOL structure. A storage
medium 804 is provided for tangibly storing the circuit design
810 or the semiconductor component 812. The circuit design
810 or the semiconductor component 812 may be stored on
the storage medium 804 in a file format such as GDSII or
GERBER. The storage medium 804 may be a CD-ROM,
DVD, hard disk, flash memory, or other appropriate structure.
Furthermore, the design workstation 800 includes a drive
apparatus 803 for accepting input from or writing output to
the storage medium 804.

Data recorded on the storage medium 804 may specify
logic circuit configurations, pattern data for photolithography
masks, or mask pattern data for serial write tools such as
electron beam lithography. The data may further include logic
verification data such as timing diagrams or net circuits asso-
ciated with logic simulations. Providing data on the storage
medium 804 facilitates the design of the circuit design 810 or
the semiconductor component 812 by decreasing the number
of processes for designing semiconductor wafers.

For a firmware and/or software implementation, the meth-
odologies may be implemented with modules (e.g., proce-
dures, functions, and so on) that perform the functions
described herein. A machine-readable medium tangibly
embodying instructions may be used in implementing the
methodologies described herein. For example, software
codes may be stored in a memory and executed by a processor
unit. Memory may be implemented within the processor unit
or external to the processor unit. As used herein the term
“memory” refers to types of long term, short term, volatile,
nonvolatile, or other memory and is not to be limited to a
particular type of memory or number of memories, or type of
media upon which memory is stored.

If implemented in firmware and/or software, the functions
may be stored as one or more instructions or code on a
computer-readable medium. Examples include computer-
readable media encoded with a data structure and computer-
readable media encoded with a computer program. Com-
puter-readable media includes physical computer storage
media. A storage medium may be an available medium that
can be accessed by a computer. By way of example, and not
limitation, such computer-readable media can include RAM,
ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage structures, or
other medium that can be used to store desired program code
in the form of instructions or data structures and that can be
accessed by a computer; disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and blu-ray disc where
disks usually reproduce data magnetically, while discs repro-
duce data optically with lasers. Combinations of the above
should also be included within the scope of computer-read-
able media.

In addition to storage on computer readable medium,
instructions and/or data may be provided as signals on trans-
mission media included in a communication apparatus. For
example, a communication apparatus may include a trans-
ceiver having signals indicative of instructions and data. The
instructions and data are configured to cause one or more
processors to implement the functions outlined in the claims.

Although the present disclosure and its advantages have
been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the technology of the disclosure as
defined by the appended claims. For example, relational
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terms, such as “above” and “below” are used with respect to
a substrate or electronic structure. Of course, if the substrate
or electronic structure is inverted, above becomes below, and
vice versa. Additionally, if oriented sideways, above and
below may refer to sides of a substrate or electronic structure.
Moreover, the scope of the present application is not intended
to be limited to the particular configurations of the process,
machine, manufacture, composition of matter, means, meth-
ods and steps described in the specification. As one of ordi-
nary skill inthe art will readily appreciate from the disclosure,
processes, machines, manufacture, compositions of matter,
means, methods, or steps, presently existing or later to be
developed that perform substantially the same function or
achieve substantially the same result as the corresponding
configurations described herein may be utilized according to
the present disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What is claimed is:

1. A back end of line (BEOL) structure, comprising:

a first conductive element of a first conductive layer;

a first via coupled to the first conductive element;

a two-time programmable BEOL structure coupled to the
first via, the two-time programmable BEOL structure
including a dielectric barrier and a bottom electrode; and

a magnetic tunnel junction (MTJ) cap layer coupled
between the first via and the dielectric barrier and/or a
top electrode coupled between the first via and the
dielectric barrier.

2. The structure of claim 1, in which the dielectric barrier

comprises:

afreelayer coupled to the (MTJ) cap layer or coupled to the
top electrode;

a barrier layer coupled to the free layer;

a fixed layer coupled to the barrier layer; and

an anti-ferromagnetic (AFM) layer coupled between the
bottom electrode and the fixed layer.

3. The structure of claim 1, further comprising a second via
coupled between the bottom electrode and a second conduc-
tive element of the first conductive layer.

4. The structure of claim 1, further comprising:

a bottom contact coupled to the bottom electrode; and

a second conductive element of a second conductive layer
coupled to the bottom contact.

5. The structure of claim 1, in which the two time program-
mable BEOL structure comprises a metal-insulator-metal
capacitor structure.

6. A back end of line (BEOL) structure, comprising:

a first conductive element of a first conductive layer;

a first via coupled to the first conductive element; and

a programmable structure coupled to the first via, the pro-
grammable structure including a dielectric barrier and a
bottom electrode, in which the bottom electrode com-
prises a fuse portion between the first via and a second
conductive element coupled to the bottom electrode and
laterally displaced from the first via, the fuse portion
configured to break down in response to a predetermined
current.

7. The structure of claim 1, incorporated into a device
selected from a group consisting of a music player, a video
player, an entertainment unit, a navigation device, a commu-
nications device, a personal digital assistant (PDA), a fixed
location data unit, and a computer.

8. A method of programming a two-time programmable
back end of line (BEOL) structure, comprising:
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applying a predetermined voltage to a dielectric barrier
layer of the two-time programmable BEOL structure,
the predetermined voltage being sufficient to break
down the dielectric barrier layer; and

applying a predetermined current to the two-time program-

mable BEOL structure subsequent to applying the pre-
determined voltage, the predetermined current being
sufficient to break down a fuse portion of a bottom
electrode of the two-time programmable BEOL struc-
ture.

9. A method of programming a one time programmable
(OTP) or multiple time programmable (MTP) back end of
line (BEOL) structure, comprising:

applying a predetermined voltage to a dielectric barrier

layer of the BEOL structure, the predetermined voltage
being sufficient to break down the dielectric barrier
layer; and

applying the predetermined voltage to a magnetic tunnel

junction (MTJ) structure including the dielectric barrier
layer or to a metal-insulator-metal (MIM) capacitor
structure including the dielectric barrier layer.

10. A method of programming a one time programmable
(OTP) or multiple time programmable (MTP) back end of
line (BEOL) structure, comprising:

applying a predetermined voltage to a dielectric barrier

layer of the BEOL structure, the predetermined voltage
being sufficient to break down the dielectric barrier
layer; and

applying a predetermined current through the dielectric

barrier layer subsequent to applying the predetermined
voltage, the predetermined current being sufficient to
break down a fuse portion of a bottom electrode of the
OTP or MTP BEOL structure.

11. The method of claim 8, further comprising incorporat-
ing the OTP or MTP structure into a music player, a video
player, an entertainment unit, a navigation device, a commu-
nications device, a personal digital assistant (PDA), a fixed
location data unit, and/or a computer.

12. An apparatus for programming a one time program-
mable (OTP) or multiple time programmable (MTP) back end
of'line (BEOL) structure, comprising:

means for applying a predetermined voltage to a dielectric

barrier layer of the BEOL structure, the predetermined
voltage being sufficient to break down the dielectric
barrier layer; and

means for applying the predetermined voltage to a mag-

netic tunnel junction (MTJ) structure including the
dielectric barrier layer or to a metal-insulator-metal
(MIM) capacitor structure including the dielectric bar-
rier layer.

13. The apparatus of claim 12, further comprising:

means for applying a predetermined current through the

dielectric barrier layer subsequent to applying the pre-
determined voltage, the predetermined current being
sufficient to break down a fuse portion of a bottom
electrode of the OTP or MTP BEOL structure.

14. The apparatus of claim 12, incorporated into a music
player, a video player, an entertainment unit, a navigation
device, a communications device, a personal digital assistant
(RDA), a fixed location data unit, and/or a computer.

15. A method of programming a one time programmable
(OTP) or multiple time programmable (MTP) hack end of
line (BEOL) structure, comprising steps for:

applying a predetermined voltage to a dielectric barrier

layer of a magnetic tunnel junction (MTJ) structure in
the BEOL structure or of a metal-insulator-metal (MIM)
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capacitor structure in the BEOL structure, the predeter-
mined voltage being sufficient to break down the dielec-
tric barrier layer; and

applying a predetermined current to the multi-time pro-

grammable BEOL structure subsequent to applying the
predetermined voltage, the predetermined current being
sufficient to break down a fuse portion of a bottom
electrode of the multi-time programmable BEOL struc-
ture.

16. A method of programming a one time programmable
(OTP) or multiple time programmable (MTP) back end of
line (BEOL) structure, comprising steps for:

applying a predetermined voltage to a dielectric barrier

layer of the BEOL structure, the predetermined voltage
being sufficient to break down the dielectric barrier
layer; and

applying the predetermined voltage to a magnetic tunnel

junction (MTJ) structure including the dielectric barrier
layer or to a metal-insulator-metal (MIM) capacitor
structure including the dielectric barrier layer.

17. The method of claim 15, further comprising a step of
incorporating the OTP or MTP structure into a music player,
a video player, an entertainment unit, a navigation device, a
communications device, a personal digital assistant (PDA), a
fixed location data unit, and/or a computer.
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